Objective: Associations of specific types of stress with increased food intake and subsequent weight gain have been demonstrated in animal models as well as in experimental and epidemiological studies on humans. This study explores the research question of to what extent potentially obesity-related factors determine perceived stress in individuals with obesity. Methods: N = 547 individuals with obesity participated in a cross-sectional study assessing perceived stress as the outcome variable and potential determinants of stress related to obesity. Based on the available evidence, a five factorial model of 'obesity-related obesogenic stressors' was hypothesized, including the dimensions, 'drive for thinness', 'impulse regulation', 'ineffectiveness', 'social insecurity', and 'body dissatisfaction'. The model was tested using multiple linear regression analyses. Results: The five factorial model of 'potentially obesity-related stressors' resulted in a total variance explanation of adjusted R² = 0.616 for males and adjusted R² = 0.595 for females for perceived stress. The relative variance contribution of the five included factors differed substantially for the two sexes. Conclusion: The findings of this cross-sectional study support the hypothesized, potentially obesity-related factors: 'drive for thinness', 'impulse regulation', 'ineffectiveness', 'social insecurity', and 'body dissatisfaction' as relevant determinants of perceived stress in individuals with obesity.
Introduction
Associations of specific types of stress with increased food intake and subsequent weight gain have been demonstrated in animal models as well as in experimental and epidemiological studies on humans [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Stress in general can be defined as a 'real or perceived threat to homeostasis' [12, 13] . The physiological stress response inter alia is mediated by components of the hypothalamic-pituitary-adrenal (HPA) axis, including consequences on the regulation of appetite, food selection, and energy metabolism [14] [15] [16] [17] [18] . Increased cortisol levels may thereby lead to altered food selection towards more calorie-dense foods and increased food intake [7, 19] . Given these findings, the role of perceived stress may be of importance in the onset and course of obesity.
In regard to the differential roles of different types of stress, it has been shown that in acute stress situations with a predominant activation of the sympathetic-adrenal-medullary system, appetite and hence calorie intake may be reduced. Inversely, during exposure to chronic stress, with a predominant activation of the pituitary-adrenal-cortical system, increased intake of palatable and calorie-dense foods may ultimately cause weight gain [8] . The latter is the case especially for individuals with high cortisol reactivity profiles in response to stress [20] [21] [22] . In a naturalistic study by Foss and colleagues [23] , individuals with high cortisol reactivity showed for example higher snack intake rates in response to daily hassles than the control group [22] [23] [24] [25] [26] .
Besides showing that chronic stress is an important driver of increased food intake and weight gain in general, evidence indicates that stressors that are perceived to be uncontrollable (ego-)threats to the individual lead to increased food intake more than stressors that are perceived as controllable challenges [6, 30, 31] . Furthermore, evidence from rat models suggests differences in subsequent eating behavior when comparing physical stress to emotional distress. Rodents that are exposed to emotional distress showed increased preferences towards saccharin drinks compared to water, whereas rodents that are physically stressed showed the inverse behavior [32] [33] [34] . In regard to social stressors, studies (including animal models) show associations of negative social stress with (visceral) fat accumulation and weight gain [12, 35, 36] .
Given the evidence on the relationship between specific psychological (chronic) stressors and weight gain, one might postulate that the stressor types identified in the literature presented above, i.e., chronic, uncontrollable, emotional and social distress, may act as barriers to weight management and may even contribute to further weight gain in individuals with obesity. If such chronic, subjectively uncontrollable, social or emotional stress is at the same time potentially associated with the characteristics or consequences of obesity itself, then this may lead to an adverse interplay of obesity, stress and eating.
Based on the above considerations, this study first seeks to answer the research question of whether the hypothesized potentially obesity-related factors determine perceived stress in individuals with obesity. Secondly, if a determination is found, then to what extent do the hypothesized stressors contribute to the variance of perceived stress in individuals with obesity? It was hypothesized that the following potentially obesity-related dimensions determine perceived stress in individuals with obesity in the forms of: 'body dissatisfaction', 'drive for thinness', 'impulse regulation', 'ineffectiveness', and 'social insecurity'. Higher scores on one of the latter dimensions are thereby hypothesized to be associated with a higher level of perceived stress.
Individuals of both sexes with BMI ≥ 30 kg/m² presenting at a tertiary university medical center for comprehensive, structured multi-professional assessment in regard to the physical and mental dimensions of obesity were included consecutively. Following informed consent, participants were given paper-based questionnaires, including a comprehensive set of standard instruments related to the study questions, and were subsequently weighed. Most study participants were referred to the program from their general practitioner for structured assessment and subsequent treatment recommendations. Potential referrals within the program range from conservative treatment including, e.g. obesity-specific cognitive-behavioral (group) therapy, to surgical bariatric interventions. Data were electronically transferred to SPSS software format and prepared for statistical analyses.
A total of 663 participants consented to participate in the study. Non-responder analyses were not performed. Data sets with missing values for one of the investigated variables were omitted before calculating multiple linear regression analyses, resulting in a sample size of 547 participants.
Design and Instruments
The study was conducted in a cross-sectional design using validated standard questionnaires to assess perceived stress, obesity, and eating behavior-related dimensions as well as symptoms of stress-related mental disorders (i.e., depression and anxiety). The Perceived Stress Questionnaire (PSQ-20) served as the standard instrument to assess the magnitude of stress as the main dependent variable. The PSQ-20 consists of 20 single items clustered in 4 subscales representing the stress-determining constructs 'worries', 'tension', 'joy', and 'demands'. The PSQ-20 was validated within diverse groups of healthy and diseased populations, showing good and satisfactory test properties [37, 38] . Reliability in the present sample proved to be good to excellent for all four PSQ-20 subscales with Cronbach's α = 0.784-0.851. PSQ-20 sum scores are expressed as values between 0 and 1.
The Eating Disorder Inventory 2 (EDI-2) was used to assess self-perceptions, emotions and cognitions of subjects in relation to 11 constructs relevant in the context of eating and weight pathology [39] . The EDI-2 has been developed for the multidimensional assessment of eating behavior and related constructs. The questionnaire comprises a total of 91 single items. Whilst the EDI was primarily used to assess underweightspectrum disorders, it has been increasingly applied to the context of normal-weight or overweight populations [40] . The EDI-2 has been validated in different populations with good test properties and can be seen as a gold standard instrument to assess eating-and weight-related cognitive and emotional dimensions [39, 41] . The reliability proved to be good to excellent for most of the EDI-2 subscales with Cronbach's α = 0.704-0.879. Only the subscales 'maturity fears' (α = 0.564) and 'asceticism' (α = 0.620) showed a poorer reliability. Sum scores of the four constructs (subscales) from the EDI-2 were selected on the basis of theoretically derived criteria to enter the regression model (see details for model development below).
Subscales of the Patient Health Questionnaire (PHQ) for anxiety and depression were used to monitor the stress-related burden of mental health symptoms within the study population [42, 43] . The reliability of the PHQ subscales proved to be good to excellent with Cronbach's α = 0.729-0.867.
Model Development
To enter the theoretically derived model of 'potentially obesity-related stressors', factors needed to fulfil two criteria: 1) Show characteristics of at least one of the identified obesogenic types of stress, i.e., a) chronic, b) uncontrollable, c) emotionally, or d) socially distressing. 2) Be potentially linked with obesity itself or its consequences. On the basis of these criteria, it was hypothesized that the following constructs determine stress in obese individuals: a) 'Body Dissatisfaction', b) 'Drive for Thinness', c) 'Impulse Regulation', d) 'Ineffectiveness', e) 'Social Insecurity'. Each dimension is represented by the respective subscale of the EDI-2 [39] .
Model Dimensions -Construct a) 'Body Dissatisfaction' describes the degree of dissatisfaction with one's general body and the size of body parts and was selected for representing an emotionally distressing factor that is potentially linked to obesity [39] .
Construct b) 'Drive for Thinness' in the EDI-2 describes a severe preoccupation with dieting and mental fixation on weight issues. This subscale was selected as being potentially chronic in nature for individuals with obesity, constituting an uncontrollable type of stress for individuals that, e.g., perceive the frustration of repeatedly driving for thinness without achieving (significant) weight loss [39] . -Construct c) 'Impulse Regulation' describes the tendency for impulsive actions, mood changes, alcohol abuse, and ruthlessness. Therefore, it was deemed an 'uncontrollable' stressor in nature that may at the same time reflect on the obesity-specific dimension of lack of impulse regulation concerning, e.g., (problematic) eating behavior [39] . -Construct d) 'Ineffectiveness' describes the feeling of being generally inadequate, insecure, worthless and hollow, and of having deficient control over one's life. This subscale was selected as representing an ego-threat type stressor that may be perceived by individuals with obesity, e.g. in regard to changes in (eating) behavior or lifestyle changes, i.e., being unable to establish new (eating) behaviors or daily (physical activity) routines to reduce weight, despite the explicitly and strongly perceived wish or plan to do so [39] . -Construct e) 'Social insecurity' describes the belief that social relationships are tense, insecure, disappointing, not worthwhile, and generally of low quality. This subscale was included based on the consideration that individuals with obesity may feel insecure in social contexts because of, e.g., assumed or experienced stigma or discrimination. Hence, this construct may represent the negative social type of stress [39] . All of the five constructs are assumed to be potentially chronic/recurrent, and all five constructs are assumed to potentially evoke negative emotions as a common cause of potentially obesogenic stress. (49) 178 (46) 254 (47) Self-employed 10 (6) 19 (5) 29 (5) Unemployed 26 (17) 44 (11) 70 (13) Retired 26 (17) 42 (11) 68 (13) Others 9 (6) 84 (22) 93 (17) a
Data are mean-values (SD). b Data represent frequency values (%). c p-values refer to the significance of Mann-Whitney-U (continuous data) or Pearson's Chi-Squared Tests (categorical data).

Sample Description
A total of N = 547 individuals (n = 391 females; n = 156 males) with severe obesity (mean BMI of 45,7 kg/m²) from the full spectrum of obesity (BMI > 30 kg/m²) were consecutively recruited for study participation. Out of the total sample, 7% of the individuals screened positive for panic syndrome according to the Patient Health Questionnaire, and 9% of the individuals screened positive for other anxiety syndromes. The mean score for depression was 9.7 with a standard deviation of 6.0. For detailed demographic descriptions see table 1 . Clinical characteristics of the study sample are displayed in table 2 . We tested both sociodemographic and clinical characteristics for gender differences and discovered that males and females differed significantly, e.g., for age, marital, and employment status. We therefore report characteristics for the total sample and for each gender separately in tables 1 and 2 , and we ran the regression analyses for male and female participants separately.
Statistical Analyses
Sample characteristics in regard to demographic and clinical dimensions are calculated and reported as mean values (± standard deviations (SD)) or frequencies. Correlations of single independent variables with the outcome variable were calculated using nonparametric tests (Spearman's rho) to assess the association between perceived stress and the hypothesized stressors. Furthermore, to assess determination, multiple linear regression analyses were applied to calculate the adjusted R² as a measure of total variation for the hypothesized model. Standardized beta figures are reported as measures for the individual partial variance explanation by single determinants. Model premises for multiple linear regression analyses were tested based on residual statistics and graphical analyses. Regression analyses were run with and without outliers to control for the potential effects of data outliers. Outliers were identified graphically using a boxplot approach, with 'outliers' being defined as any values that are more than 1,5 times the distance of the interquartile range (IQR) higher or lower than the IQR. The PSQ-20 sum score served as the dependent variable, and the five hypothesized constructs (subscales) of the EDI-2 were entered as independent model determinants. To control for the additional explanation of variance by the hypothesized stressors, the regression analyses were run in three blocks. The symptom load of depression, panic syndrome, and anxiety measured by the PHQ scores were entered in block 1 to assess how much variance of perceived stress is explained by these factors before analyzing the additional variance by the five postulated determinants of perceived stress in block 2. In block 3, BMI scores were added to assess if any additional variance can be explained by the BMI itself. Since significant differences for men and women concerning sociodemographic and clinical characteristics, including the relevant EDI-2 subscales, emerged in the sample characteristics, separate regression models for men and women were applied. Multicollinearity within the regression model was monitored by calculating Tolerance (T) (interpreting values > 0.2 as acceptable) and the variance inflation factor (VIF) (interpreting values < 5 as acceptable) accordingly. Autocorrelation among model determinants were tested using the Durbin-Watson test. All statistical analyses were performed using IBM SPSS version 21 (IBM Corporation, Armonk, NY, USA) [44] . Table 3 shows the Spearman's rho correlations between the PSQ-20 sum scores and the five relevant EDI-2 subscales as well as the Spearman's rho correlations between the five EDI-2 subscales. All of the correlations proved to be significant (p < 0.05), with medium to strong single associations between the PSQ-20 sum score and 'Impulse Regulation', 'Ineffectivity', and 'Social Security' as well as small single associations between the PSQ-20 sum score and 'Drive for Thinness' and 'Body Dissatisfaction'.
Results
The EDI-2 subscales are all significantly correlated, with small-to-medium single associations between all of the five subscales with the exception of 'Body Dissatisfaction' and 'Impulse Regulation' (r s = 0.092) and 'Body Dissatisfaction' and 'Social Insecurity' (r s = 0.150), which show significant but weak associations.
The results of the multiple regression analyses for the hypothesized model of 'potentially obesity-related stressors' in individuals with obesity are shown in table 4 . The hypothesized model showed a substantial total variance of perceived stress (adjusted R² = 0.616 for men and adjusted R² = 0.595 for women) in the investigated sample. Omitting data outliers from the sample before entering the regression analyses did not result in relevant changes to the study results. Hence, no further measures for the correction of outliers were contemplated, and outliers were kept in the data sample.
Neither anxiety nor panic scores proved to be significant determinants in either block of the regression analyses regardless of whether they were performed in the sample women or men. Depression scores, however, were found to be significant determinants for perceived stress in both men and women with obesity and explained a substantial part of variance when entered in block 1 (adjusted R² = 0.413 for men and adjusted R² = 0.587 for women). However, as shown in block 2 of our regression analyses, the five postulated stressors (EDI-2 subscales) showed an additional substantial part of explained variance when added to the regression model. The total variance explanation increased by almost 20% for men and 10% for women. Including BMI as a further determinant in block 3 led to a further increase of the explained variance of 1.4% for men and 0.8% for women. Among the included determinants, the construct 'Social Insecurity' showed the highest single variance (standardized beta = 0.26; p = 0.001) for men, followed by 'Ineffectiveness' (standardized beta = 0.24; p = 0.010) and 'Drive for Thinness' (standardized beta = 0.22; p < 0.001), whereas 'Impulse Regulation' and 'Body Dissatisfaction' did not significantly determine perceived stress in men with obesity. In women, four of the five included potential stressors (EDI-2 subscales) proved to be significant determinants of perceived stress with 'Ineffec- 
Discussion
To the best of our knowledge, this is the first study to investigate the relationship of the here hypothesized potentially obesity-related factors with perceived stress in individuals with obesity. The results predominantly imply that the answer to study question 1 ('Do the hypothesized potentially obesity-related stressors show relationships with perceived stress?') is yes. In regard to study question 2 ('To what extent do the hypothesized stressors (additionally) determine perceived stress in individuals with obesity?'), it was found that the magnitude of determination varies among the different stressors and between the two gender subgroups of the investigated sample.
Although not all of the hypothesized determinants showed significant influence on perceived stress for males and females with obesity, higher scores on the respective subscales representing potential stressors were consistently associated with higher levels of perceived stress.
Overall, the results show strong effects of the hypothesized factors on perceived stress in the investigated population of obesity-affected individuals. The findings may contribute to the understanding of the chronic nature of obesity, given that perceived stress may play a role in obesogenic eating behavior [8] via activation of the HPA axis system and increased cortisol levels [20] [21] [22] .
Specifically targeting the identified stressors within treatment regimens may be seen as a promising component to tackle the interplay of obesity, stress, and eating. However, the findings of this cross-sectional study do not infer a causal relationship of the investigated determinants and perceived stress in individuals with obesity. Further investigation within longitudinal (interventional) designs is needed to further investigate the interactions of potentially obesity-related stressors and perceived stress in affected individuals.
According to the study's results, the investigated dimensions of 'Body Dissatisfaction', 'Drive for Thinness', 'Impulse Regulation', 'Ineffectiveness' and 'Social Insecurity' may be cautiously interpreted to play different roles for men and women with obesity. 'Ineffectiveness' and 'Social Insecurity' turned out to substantially determine perceived stress in both gender subgroups. In women, 'Impulse Regulation' and 'Body Dissatisfaction' seem to play important roles in the determination of perceived stress, whereas 'Drive for Thinness' does not determine perceived stress significantly in the investigated sample of women with obesity. In men, 'Drive for Thinness' determines perceived stress significantly, whereas 'Impulse Regulation' and 'Body Dissatisfaction' do not in the context of this study.
The construct of 'Ineffectiveness' was one of the most influential determinants within the hypothesized model for both men and women, and it can be seen as a concept addressing several obesity-related issues. Firstly, it may be related to the (often frustrating) experience of affected individuals in weight reduction programs and dieting in general. The often small and unsustainable effects of (noninvasive) weight reduction programs may thereby contribute to the self-perception of being 'ineffective as a person' [45] . Secondly, the perceived ineffectiveness in specifically controlling eating behavior (e.g., to eat healthier) or self-efficacy perception related to other plans of behavior change (e.g., exercise routines) may be present in affected individuals. Thirdly, the social consequences of obesity in terms of stigma and discrimination may reinforce the perception of ineffectiveness if, for example, repeated attempts at societal participation (e.g., job applications) are unsuccessful [46] . 'Impulsivity' was the second most important driver of perceived stress in females, and it may relate to perceived deficits in regulating and willingly responding to obesogenic impulses. Relevant issues can be seen in the impulse to eat in general, to eat or drink calorie-dense/ palatable aliments or drinks (including alcohol), or to eat outside of a reasonable time structure (e.g., night eating) [47] . Being unable to control one's own behavior on recurrent and (highly) frequent occasions during day-to-day routines may well constitute an uncontrollable ego-type stress in the sense that such uncontrollable (impulsive) behavior may lead to adverse effects for the individual, not only in terms of weight gain but also in regard to other important areas of life such as social relationships or work [6, 30, 31] .
The dimension of 'Social Insecurity' was found to be important in both males and females. The construct may be seen as more directly representing the relevance of assumed or experienced stigma or discrimination. Furthermore, 'Social Insecurity' may reflect issues of unsatisfactory self-perceptions or assumed negative appraisal by others, related to, e.g., body image, physical attractiveness, and expected social acceptance (see also [48] ).
'Drive for Thinness' itself was the factor with the potentially most explicit and direct relation to obesity within the hypothesized model, and it only showed a relevant variance explanation in the regression analysis within the subgroup of males.
In contrast, 'Body Dissatisfaction' only showed a relevant variance explanation in females. These findings may be very cautiously interpreted as being indicative of gender-specific differences in the way in which different specific stressors are perceived in individuals with obesity. However, direct comparison between the two sexes was not conducted in the present study due to demographic differences (in regard to age, marital and employment status, see table 1 ) between the two gender subgroups. The latter differences may indeed constitute relevant biases in regard to the detected gender differences on relevant stressors. It therefore remains the domain of future studies to further analyze the differential importance of the hypothesized stressors in women and men.
However, the overall findings of this cross-sectional study, which indeed cannot infer causality, may nevertheless indicate innovative and promising new scientific and clinical targets within conservative weight management programs and cognitive-behavioral approaches to obesity therapy [47, 52] . Based on the findings of this study, it can be cautiously recommended to include the hypothesized dimensions in diagnostic regimes to identify patients with high scores for the dimensions of 'Drive for Thinness', 'Ineffectiveness', 'Impulsivity', 'Social Insecurity', or 'Body Dissatisfaction' (e.g. by the EDI-2) [39] [40] [41] in individuals with obesity. The latter dimensions may specifically be addressed by educational material, group-therapy sessions or one-on-one counseling to ultimately reduce perceived stress and associated negative effects on the quality of life and stress-associated disorders in individuals with obesity [52] .
The dimension of 'Drive for Thinness' could be addressed by using interventions with an emphasis on a healthy lifestyle instead of focusing on explicit weight reduction. Bacon and colleagues [50] found a significant reduction on the 'Drive for Thinness' scale in their 'Health at Every Size' intervention group that primarily focused on an overall healthy lifestyle [50] .
To address 'Ineffectiveness', interventions focusing on self-efficacy should be considered. In this context a recent meta-analysis showed that interventions focusing on 'action planning', 'time management', 'prompt self-monitoring of behavioral outcome' and 'plan social support/ social change' significantly improved self-efficacy in obese participants [51] .
A therapeutic strategy to address 'impulsivity' may be represented by an innovative group-based intervention program developed by our own group (Schag and colleagues) that specifically focuses on impulsivity [52] (ongoing study). Mindfulness-based therapeutic approaches [53] and elements of Acceptance and Commitment Therapy (ACT) [54] may be promising strategies to tackle body dissatisfaction in women with eating disorders [54] . Furthermore, evidence can be found for the differential efficacy of cognitive restructuring versus an intervention based on a gratitude diary [56] to address body dissatisfaction. Notably, the gratitude group was twice as likely to complete the intervention compared to the cognitive restructuring group and the control group [56] . 'Social Insecurity' may be addressed by interventions such as social skills training [55] which has been shown to be effective, e.g., for social anxiety [55] .
From a more general point of view, it has to be noted that indeed all of the determinants of perceived stress investigated here may well be active in a non-obese population too. However, the primary aim of this study was to test the assumption of whether theoretically derived (potentially obesogenic) factors are relevant determinants of perceived stress in a population of individuals with obesity. The comparison to individuals with normal weight awaits future research and clinical targeting in this specific population.
Limitations
Despite clear and strong associations between single determinants and the outcome variable and the strong overall impact of the hypothesized models on perceived stress, this study does not infer causal relationships of the investigated dimensions due to its crosssectional design.
In regard to the question of a causal relationship of dimensions such as ineffectiveness with perceived stress, experimental research paradigms (for example, by inducing perceptions of ineffectiveness) may aid in clarifying whether or not a specific role of such dimensions exists in the genesis of perceived stress in individuals with obesity. Furthermore, the question of whether relative differences are detectable in normal-weight/underweight individuals when compared to individuals with obesity might be addressed. Prospective clinical studies that specifically address and seek to alter perceptions of ineffectiveness or impulsivity might be a further way to investigate the role of such potential stressors in the course of obesity in affected individuals [52] .
This study only included individuals who are seeking clinical examination and treatment for obesity. The results therefore cannot easily be transferred to the general population of individuals with obesity. A selection bias towards individuals with higher levels of frustration, psychological strain, or higher motivation for treatment may well be present. However, stress levels as well as prevalence rates for anxiety and depression in the study sample resemble the rates of other large (representative) studies on individuals with obesity [37, 57] .
Conclusion
This study shows a substantial determination of perceived stress by potentially obesityrelated cognitive and emotional stressors in females and males with obesity. The findings of this study may contribute to the improved understanding of potentially specific stressors in obese individuals. Furthermore, the findings of this study may be cautiously interpreted as being indicative of gender-specific perspectives in regard to the differential relevance of determinants of stress in individuals with obesity. The results of this study may implicate novel diagnostic and therapeutic approaches in the context of, e.g., cognitive-behavioral (group) therapy for individuals with obesity. Future research on the causes and determinants of perceived stress in individuals with obesity using longitudinal (interventional) designs may be seen as promising in regard to the improved understanding of specific stressors in individuals with obesity and their role in the onset, course and treatment of obesity.
